Abstract. We present a representation for the long-range part of the general 0νββ decay rate allowed by lorentz-invariance. Combined with the short range part this general parametrization in terms of effective B − L violating couplings will provide the 0νββ limits on arbitrary lepton number violating theories.
Introduction
Double beta decay has been proven to be one of the most powerful tools to constrain B − L violating beyond the desert physics. In recent years, besides the most restrictive limit on an effective neutrino Majorana mass [1] , restrictive constraints on several theories beyond the Standard Model such as R-parity violating [2, 3] as well as conserving [4] SUSY, leptoquarks [5] , left-right symmetric models [6] and compositeness [7, 8] have been derived (for a review see [9] ). While the neutrino mass limit is based on the well-known mechanism exchanging a massive Majorana neutrino between two standard model V −A vertices, the effective vertices appearing in the new contributions involve non-standard couplings such as scalar, pseudoscalar and tensor couplings. Thus we felt motivated to consider the neutrinoless double beta decay rate in a general framework in terms of effective couplings. This will enable us to separate the nuclear from the particle physics parts of the calculation and to derive the double beta constraints on arbitrary lepton number violating theories. The first part of the work, treating the long-range part, is presented here and preliminary limits, partially based on some estimations on the nuclear matrix elements involved, are given.
General Formalism
We consider the long-range part of neutrinoless double beta decay with two vertices, which are pointlike at the Fermi scale, and exchange of a light neutrino in between. The general Lagrangian can be written in terms of effective couplings ǫ α β , which correspond to the pointlike vertices at the Fermi scale so that Fierz rearrangement is applicable:
with the combinations of hadronic and leptonic Lorentz currents of defined helicity α,
The sum runs over all contractions allowed by Lorentz-invariance, except for α = β = V − A. Evaluating "on axis" one assumes only one of the ǫ β α unequal zero and arrives at a general double beta decay amplitude (see Fig. 1 ) proportional to 1) The leptonic SM V − A current meets a left-handed non SM current j β with β = S − P, T L . For this contribution the neutrino propagator is
with the usual left-and right handed projectors P L/R = 1∓γ5 2 . This expression is proportional to the unknown neutrino Majorana mass m ν ≤∼ 0.5eV , for which no lower bound exists. Therefore no limits on the parameters ǫ β α can be derived.
2) The leptonic SM V − A current meets a right-handed non SM current j β with β = S + P, V + A, T R . For this contribution the neutrino propagator is
which is proportional to the neutrino momentum q µ ≃ p F ≃ 100M eV with the nuclear Fermi momentum p F , and thus will produce stringent limits on ǫ β α .
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Taking these considerations into account, we are left with three interesting contributions discussed in the following sections. With the present half-life limit of the Heidelberg-Moscow experiment T
where G 0k denotes the phase space factors given in [10] and |M E| the nuclear matrix elements discussed in the following, limits on the ǫ β α can be derived.
Calculational details and preliminary limits

SM meets
This contribution has been considered already in the context of left-right symmetric models [10, 6] . For sake of completeness we repeat the results here in our notation:
SM meets j S+P J †
S+P and j S+P J † S−P Using s-wave approximation for the outgoing electrons and some assumptions according to [11, 3] one gets
The phase space factor is defined
and the matrix elements (summation over nucleons a, b is supressed) are
h R and h T ′ are neutrino potentials defined as
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Here R denotes the nuclear radius, ǫ i and p i are electron energies and momenta, F 0 (Z, ǫ i ) and is the Fermi function. Further ω = q 2 + m 2 ν , q = | q|,r = r/r and j k (qr) are spherical bessel functions. (ω + E) −1 is the energy denominator of the perturbation theory. The form factors
85 GeV) have been calculated in the MIT bag model in [12] , G A ≃ 1.26 and G V ≃ 1.
Inserting the numerical value of the matrix elements M GT ′ = 2.95 and M T ′ = 0.224, which has been calculated in the QRPA approach in [3] , one derives ǫ S+P S+P = ǫ S+P S−P < 1.2 · 10 −8 .
SM meets j TR J †
TR and j TR J † TL
In the tensor part the decay rate depends on the phase space G 01 and new matrix elements not considered in the literature. For the hadronic T R contribution one gets under the assumptions discussed above
with
and
Again T
2 (0) have been taken from [12] and the strength of the induced weak magnetism (
2M is obtained by the CVC hypothesis. An estimation of the numerical values of the involved matrix elements for the special case of 76 Ge, assuming
For the hadronic T L contribution in leading order of (1/M ) one finds
Here G P /G A = 2m P /m 2 π . Due to their new structure no reliable estimation for those new matrix elements exists. Furthermore in this case it is rather difficult to determine the relative size of leading and next to leading order terms. A very rough estimation based on eqs. (19),(20) and assuming (E a − E ′ a ) ≃ 10M eV is leading to a limit on ǫ TR TL < O(10 −8 ).
Conclusion
We have presented a general parametrization for the long range part of the neutrinoless double beta decay rate in terms of effective couplings. Combined with the short range part and contributions of derivative couplings, this parametrization will give the double beta decay constraints for arbitrary lepton number violating theories beyond the SM. A further step should include the short range part, discuss interference terms and justify the assumptions and approximations used in this work. After that neutrinoless double beta decay search will be well prepared for surprises -for its way across the desert.
